), but only a miwork responsiveness to a previously neutral tactile conditioned stimulus, and the persistence of both nority of the random control animals (6/23, 25%), responded to lip touch with an increased feeding rate. matched the time course of behavioral associative memory. The change in the membrane potential of a The mean feeding response to the lip touch CS in the conditioned group was 5.3 Ϯ 0.6 bites/min, whereas, in key modulatory neuron is both sufficient and necessary to initiate a conditioned response in a reduced the control group, it was Ϫ0.9 Ϯ 0.4 bites/min. Both of these parameters of the behavioral response to the CS preparation and underscores its importance for associative LTM.
response (cycles/min) recorded in the CV1a cells (
) was significantly correlated (Pearson's R, 0.6; p Ͻ 0.01) to CV1a resting potential. The effect of conditioning was therefore to depolarize the resting potential of the CV1a cells by an average of 11 mV and to increase CV1a's responsiveness and that of the entire feeding CPG to the CS. This depolarization was seen in the CV1a cells in all 6 preparations in this first experiment and in all 26 preparations from conditioned snails in 2 subsequent experiments (combined mean resting potential, Ϫ54 Ϯ 1 mV [n ϭ 32]). This was significantly different from the combined mean control CV1a resting potential in the same three experiments, Ϫ65 Ϯ 2 mV (n ϭ 19, t test, p Ͻ 0.001), so the depolarization of CV1a following conditioning was highly consistent.
In further experiments, other electrical changes in CV1a that are known to affect neuronal responsiveness, ence between the ability of "conditioned" and "control" CV1as to activate the feeding CPG. It seems therefore, that the main lasting effect of conditioning on CV1a was to shift its resting potential nearer to its firing threshold. fictive feeding in CV1a and motoneuron B1 induced by
The change in membrane potential induced by conditouch after conditioning (Figure 2A) With the larization increased the probability of CV1a firing in remembrane potential of a single CV1a set at Ϫ56 mV, sponse to the CS. In the example shown in Figure 2A , the majority of naïve preparations (12/14, 86%) showed top record, the CV1a cell has a resting potential of Ϫ57 a fictive feeding response to touch ( Figure 2D, left) , sigmV in a conditioned snail, and it fires in response to the nificantly more (Fisher's exact test, p Ͻ 0.05) than at Ϫ67 tactile lip stimulus (the CS). In contrast, in the example mV (6/14, 43%). The response to touch at Ϫ56 mV was of a control snail (Figure 2A, bottom record) , the CV1a 1.6 Ϯ 0.5 cycles/min, significantly greater (t test, p Ͻ resting potential is Ϫ68 mV, and it shows no response to 0.05) than at Ϫ67 mV (0.1 Ϯ 0.3 cycles/min, Figure 2D , lip touch. Statistically, the mean CV1a resting potential in right). The ability to mimic the effects of conditioning by the conditioned group (n ϭ 6) was found to be signifiCV1a membrane potential manipulation is an important cantly more depolarized, Ϫ56 Ϯ 2 mV, compared with part of the evidence showing that changes in the memthat in the random control group (n ϭ 11), Ϫ67 Ϯ 2 mV brane potential in this specific cell type are contributing to the LTM trace. (t test, p Ͻ 0.03). Moreover, the level of fictive feeding Previous work already showed that the effect of tactile lip conditioning did not generalize to other parts of the body [14]. It was also important to show that the effect of CV1a depolarization in mimicking the electrical correlate of LTM was similarly restricted to the original site of the CS application, the lips; otherwise, the effects of changing CV1a membrane potential would be nonspecific, unlike the behavioral change. We did the same type of artificial depolarization of the CV1a as in the previous experiment but targeted an alternative touch site, the tentacle [11, 14] (n ϭ 11 preparations). As before, the response to touch was compared at either Ϫ56 or Ϫ67 mV in the same preparation. With tentacle touch, there was no significant difference (t test, p ϭ 0.6) between fictive feeding responses at Ϫ56 mV (0.1 Ϯ 0.4 We have demonstrated that behavioral classical conANOVAs showed no differences in these parameters ditioning induced long-lasting neuronal plasticity in a between either the conditioned or the control groups single modulatory neuron type controlling feeding in the (n ϭ 3-5 animals per group) tested on each of the 4 days following conditioning. In this 4-day period, the snail Lymnaea. We found a persistent conditioning-
